The analytical value of terms used to assess the performance characteristics of ion selective electrodes such as selectivity factor, lower limit of detection, response time, life time, etc., depends on the constancy of these factors. But these factors are greatly dependent of the methods used for their determination [iJ. In order to be able to compare these factors the experimental methods must be carefully selected [2, 3] . Under these conditions one can expect to obtain analytically useful parameters which permit the comparison of the performance characteristics of different types of ion--selective electrodes (ISE's).
The need to specify the measuring technique and experimental conditions seems to be especially important for the determination of response time since the published values of this parameter, even for the same type of electrodes, may differ by orders of magnitude [4, 5] . 2 
CONCEPT OF RESPONSE TIME
The dynamic response of ion-selective electrodes or, more precisel', that of the potentiometric cells containing them may be studied by different methods [6] [7] [8] . The activity step method is the most important one for determining practical response time data. In this method the potential-time unctipn of the electrochemical cell is studied as an effect of an activity step chan9e produced in the sample, thus one works at i=O current membrane conditions corresponding to the usual potentiometric conditions. Applying the activity step method the measured overall response time data are determined not only by the properties of the ion-selective indicator electrode but also by the design of the electrochemical cell, the measuring technique, the experimental conditions selected and by the time dependence of other sources of potential in the cell such as diffusion and streaming potential furtheron by the electronics used for recording the transient signal (Fig.l) . These factors altogether define the transient function of the whole system (electrochemical cell + electronics) [9] . In practice however when it is necessary to decide whether the measured potential is an equilibrium value, corresponding to the primary ion activity of the bulk and independent of the time constant of the measuring system, then the time constant of the whole potentiometric system is of importance. The shape of the activity step is influenced mainly by the manner in which the activity step is produced e.g. dipping method, injection method or' other special techniques.
3 DETERMINATION OF RESPONSE TIME 3.1 Dipping method [10, 11, 12] The indicator electrode is conditioned in a solution of activity a.
After careful wiping or washing it is immersed into the stirred sample solution of activity a? at the time t=O. The timer is started at the instant of immersion. (To avoid undesirable perturbations on the response, induced by wiping, the adhering droplets of conditioning solution can be removed by shaking the electrode during transfer [l2].)'ro avoid problems due to the fact that during the experiment the electric circuit is broken and to improve reproducibility several special flow-through techniques have been developed L7,13,14,15,l611. The equipment developed by Tóth et al. [7, 161 is probably closest to the dipping method in so far as instead of changing the position of the electrode that of the sample solutions is altered with the help of two mobile jets perpendicular to the electrode surface. [11, 17, 18] A volume of concentrated solution of primary ion, smaller than the cell volume, is injected by means of a syringe into the rapidly strirred test solution in which the cell assembly had been previously conditioned. The timer is started at the instant of injection of the concentrated sample.
Injection method

LIMITS OF THE ACTIVITY STEP METHOD
By applying the activity step method reproducible response time data can be achieved only under exactly controlled hydrodynamic conditions using the same container, solution volume, injected volume, stirrer, stirring speed, electrode surface area and depth and angle of the measuring electrode.
Ideal activity steps can be approximated only with special techniques [7, [13] [14] [15] [16] but even in these cases it can only be realised on the boundary of the stagnant solution layer (Prandtl-iayer) adhering to the electrode surface [11] . Thus, the observed time constants often correspond to film diffusion values as the stagnant film of initial solution changes by diffusion-migr'ation to the new stepped value, accordingly only the distortion of the activity step is recorded. The thickness of the stagnant solution layer depends on:
-flow or mixing rate of the sample solution;
-design of the electrochemical cell; -geometry of the indicator electrode; -electrode membrane surface conditions; -temperature and viscosity of the sample solution.
Response time ofion selective electrodes 473 Other time dependent potential sources such as streaming and liquid unctLon potentials have not yet been considered in discussing the dynaniic response of ion-selective electrodes. Efforts have usually been made for their minimalization or elimination.
The less ideal the activity step, the greater the contribution of transport processes, taking place within the cell in determining the transient function of the potentiometric system. Accordingly, the mathematical description of the potentiometric system as reflecting an activity step change, can be made by describing the activity of the primary ion at electrode surface as a function of time [4, 11, 19] . The more the activity step approches the ideal step function the more the indicator electrode's properties controll the response time of the cell [20, 21] . In general this is the case when glass, precipitate based or li,qud ion--exchanger electrodes are used in relatively concentrated (C >lO4M) solutions in the absence of interfering ions and under practtcal analytical conditions e.g. in cells without mixing, in slightly stirred solutiQns, or in flow-through cells at low flow-rates, Thus, the rate of electrode response is controlled by film diffusion [11, 19] D' mean diffusion coefficient in the aqueous adhering layer.
A similar exponential equation is valid when the time constant of the measuring electronics control the dynamic behaviour of the system [22] .
This can occur when electrodes having extremely high resistance are used:
where the electrode potential primary to the activity step; as that first by MUller [25] E =E +FE -E 1 t/3'
where the time constant is a function of the primary ion activities a, a and the dissolution rate constant of the precipitate used as membrane material [23, 24] . cell is long then in a paradoxical way it is impossible to determine t or tcç without a knowledge of E [28] .
All the problems related to the definition of response time, discussed above can be overcome by defining the response time as a time interval necessary to reach a predetermined slope (differential quotient t (E/ at)) value after the introduction of the activity step (Fig.3) . The new definition has a rumber of advantages:
-it is very easy to determine; -it can be determined without knowing the Evalue; -it has the same significance as the time constant of a theoretical equation; -it can also be used in the case of response time curves consisting of sections, controlled by different processes,
-it has the practical analytical advantage in that,it helps the analyst in determining the potential reading to be taken [29J. determination of t (LE/At) [28] t(t,AE) -by selecting a predetermined fixed differential quotient value, t is rather hard to predict the exact error in the analytical determination if the potential data corresponding to the defined differential quotient yalues are used for calculation instead of E -The error in the analytical determination depends on the imagnitude of the activity step (a?/a), and on the slope of the electrode potential response function (i.e. on the charge number of the primary ion (zi) as well as on the electrode membrane conditions). However, these drawbacks also hold true for the earlier definition of response time.
6 COMPARISON OF RESPONSE TIME DATA CALCULATED ACCORDING TO DIFFERENT MATHEMATICAL MODELS AND RESPONSE TIME DEFINITIONS A few model calculations in Table I and II were made for the limiting cases a! and b/with the help of equations 1 and 4 to provide a better insight into the problems of response time definitions, factors effecting response time data and analytical accuracy.
The following equations derived from equations 1 and 4 were used for calculating t and t values:
x-(a,a) (6) where t(g )is the response time calculated according to the different defini- It is apparent from this report, that a generally applicable procedure is conspicuous by its absence. We recommend to use for purposis of comparison the "differential quotient" t (AE/ At) , as the most satisfactory approach for the time being. a! In the case of t and t the response time data increase proportional with f b/ Time constant value used for practical analytical conditions [11, 19] a/ In the case of t and t the response time data are proportional with r b/ Time constants measured with neutral carrier electrodes [11, 26] 
